Inherited ocular anomalies in chickens include several types of microphthalmia, retinal dysplasia, retinal degeneration, cataract, buphthalmos and pop-eye, or keratoconus in White Leghorns. [2] [3] [4] [5] 7, 8, 12, [15] [16] [17] [18] In this report, a new ocular anomaly that appeared in pigmented White Leghorns homozygous for a mutation at the dominant white (I) locus is described with emphasis on clinical, gross, and histologic findings to aid in the diagnosis of the ocular lesions.
BRIEF COMMUNICATIONS
A new inherited ocular anomaly in pigmented White Leghorn chickens Donald W. Salter, William S. Payne, David T. Ramsey, Michael Blair, James A. Render Inherited ocular anomalies in chickens include several types of microphthalmia, retinal dysplasia, retinal degeneration, cataract, buphthalmos and pop-eye, or keratoconus in White Leghorns. [2] [3] [4] [5] 7, 8, 12, [15] [16] [17] [18] In this report, a new ocular anomaly that appeared in pigmented White Leghorns homozygous for a mutation at the dominant white (I) locus is described with emphasis on clinical, gross, and histologic findings to aid in the diagnosis of the ocular lesions.
An incompletely dominant mutation, called Smoky Joe (SJ), allows the production of feather pigment, which the I allele inhibits. The SJ mutation originally appeared in ADOL Line 0, a noninbred White Leghorn line maintained at the USDA Avian Disease and Oncology Laboratory (ADOL) in East Lansing, Michigan. Females homozygous for SJ have dark grey feathers with barring and homozygous males have much lighter colored plumage. This dimorphism in color is the result of the dilution that occurs with two copies of sexlinked barring in the males. The plumage of heterozygous birds (I, SJ) is intermediate in color compared to either parental type.
Phthisis bulbi was noticed in adult females of the second generation of the homozygous SJ population. None of the parents of these females had apparent ocular lesions. Approximately 30% of the 85 surviving females had phthisis bulbi, while none of the 100 surviving males were affected. There was no clinical evidence of bacterial or viral infection, and the chickens were housed in pens isolated from chickens with experimental viral infections. Because the ocular anomaly appeared to be recessive and sex-linked, 4 test matings were designed to further study the inheritance.
In matings 1 and 2, sighted SJ males, which were suspected of being carriers of the syndrome, were mated to either affected or sighted SJ females. These same male birds were then mated to either sighted females of Line 0 (II) (mating 3) or sighted females of ADOL Line 15I 5 (II) and Line 0 (II) (mating 4). All chicks had ophthalmic examinations at hatch and 2, 4, and 8 weeks of age.
In mating 1,197 chicks were examined. Of the females, 62% were affected, and 10% of the males were affected.
Twenty-two progeny from mating 2 were examined, and 40% of the females and 8% of the males were affected. In both of these matings, approximately equal numbers of each sex were produced, and fertility and embryo viability were within a normal range. These data confirmed a much higher incidence of the ocular anomaly in females and therefore indicated a sex-influenced expression.
In matings 3 and 4, when blind or carrier birds were mated to nonpigmented White Leghorns (II), only one affected chick was observed in 242 progeny. These data support the hypothesis that the anomaly is autosomal recessive. The affected chick in mating 4 was most likely the result of an error in the pedigree.
Ophthalmic examinations of the newly hatched chicks were performed by using a slit lamp biomicroscope and an indirect ophthalmoscope. Affected chicks had ocular lesions varying in number and severity, but both eyes were always affected. The earliest and most subtle lesion was the suspension of darkly pigmented cells throughout the vitreous body. Other lesions included sluggish or absent pupillary light reflexes, dilated pupils, mild to moderate aqueous flare containing pigmented cells, thickened and grey irides, iridodonesis, temporal and posterior lens subluxation, adherence of pigmented cells to the anterior lens capsule, malformed lenses, and immature cataract localized to the anterior and posterior lenticular cortex. Cataracts were present either at hatch, or developed by 4 weeks posthatch. Buphthalmos was often present at hatch, but intraocular pressures were similar to those of unaffected chicks (Fig. 1) . Phthisis bulbi was often present by 8 weeks of age but appeared as early as 4 weeks of age. Other secondary ocular lesions included iridocyclitis, posterior synechia, and iris bombé.
Histologic examination of the globes of 17 affected chicks confirmed the clinical findings. The globes of 9 newly hatched affected chicks had melanin-laden cells in the trabecular meshwork and dispersed throughout a liquefied vitreous body (Fig. 2) . The pecten was smaller than those from unaffected chicks and lacked a pleated structure (Fig. 3) . The lenticular cortex was liquefied and the ciliary processes did not contact the lens capsule. The peripheral retina had disorganized layers and the retina was detached. In older chicks, phthisis bulbi was characterized by collapse of the anterior chamber, cataract, and metaplastic bone and cartilage filling the vitreous chamber ( Fig. 4) .
Although cataract and buphthalmos have been previously reported in chickens, the presence of the these lesions concurrent with other ocular lesions is unique. 2, 8, 12 In addition, dysplasia of the pecten and subluxation of the lens don't appear to be previously reported in chickens. Because the retina, pecten, and ciliary body are structures containing pigmented cells of neuroectodermal origin, faulty neuroectoderm development may be the cause of the malformed pecten, shortened ciliary processes, and dispersion of pigmented cells. 11 Pigment first appears in the pecten of the chick embryo after 8 days of incubation, and pleats begin to form by the ninth or 10th incubation day. 13 Also, zonular fibers are in their definitive position by incubation day 8 to 9, which allows for fusion of the lens capsule with the limiting membrane of the ciliary body. 13 Because both of these normal conditions are absent in affected chicks, it would appear that the genetic influence is exerted at or before 8 days of gestation.
Not all of the lesions are the result of a primary genetic abnormality. Subluxation of the lens may be secondary to a primary lesion of the ciliary body or secondary to buphthalmos. Lymphocytic iritis is most likely attributable to phacolytic uveitis. 5, 6 Cataract may be secondary or may be a primary lesion due to a defect in development of surface ectoderm. 2, 6 Phthisis bulbi with metaplastic bone formation has been reported in chickens secondary to an inherited retinopathy but may occur as a sequela to marked intraocular degeneration. 1, 15 Neural crest cells give rise to ocular connective tissue, including uveal melanocytes, 9, 10 and abnormal migration or defective induction by these neural crest cells may cause goniodysgenesis, which causes glaucoma leading to buphthalmos. Therefore, goniodysgenesis may be the result of faulty melanogenesis. Faulty retinal development has also been associated with abnormal melanogenesis. For example, chicks with delayed amelanosis are blind as the result of retinal degeneration. 15 Retinal degeneration is attributable to a reduction and loss of melanin granules in the retinal pigment epithelium. The role that the barring gene plays in the migration and development of embryonic neural crest cells is unknown. 14 In conclusion, the inherited ocular anomalies appear to be the result of a sex-influenced, autosomal recessive mutation in pigmented White Leghorns. 2, 8, 12 Further studies of this syndrome will include morphologic examination of globes from affected chick embryos and experimental breeding to determine the possible role of melanin in the cause of this anomaly.
